Because of their strong size selectivity and high feeding rates, vertebrate predators (especially visually feeding fish) are often considered the primary threat to freshwater zooplankton.
The low feeding rates of the blindly foraging invertebrate planktivores led Hall et al. (1976) to doubt that invertebrate predation alone causes the extinction of populations of zooplankton.
The invertebrates, however, are usually more abundant than fish, and there is growing appreciation of their potential significance to total predation pressure (Lane 1979) .
Evidence is accumulating that freshwater mysids may be potent predators, with especially strong effects on cladoceran populations.
Zyblut (1970) and Rieman (1977) reported suppression of Daphnia coincident with the growth of introduced populations of Mysis relicta in Kootenay Lake and Lake Pend Oreille, and Goldman et al. (1979) believed that Mysis was at least partly responsible for the disappearance of Duphniu and Bosmina from Lake Tahoe. Several workers have shown that Mysis can prey effectively on zooplankton (Lasenby and Langford 1973; Grossnickle 1978; Rybock 1978) .
In Lake Washington (Seattle), the recent success of Daphnia after decades of scarcity may be related to changes in mysid predation; various hypotheses to ex-' Research supported by the Oflice of Water Research and Technology (A-096-WASH), U.S. Department of the Interior, as author&cd by the Water Research and Development Act of 1978, and 1)~ NSF grant DEB 77-12966. plain the long term change in abundance of Daphnia have been considered by Edmondson (1979) . The abundance of Neomysis merceclis declined precipitously in the mid-1960s, and, with the increase in water transparency accompanying ,de-eutrophication, there has been a tendency for more of the mysids to stay in deep water by day ( Fig. 1 ; see uZso Eggers et al. 1978) . Th e reduction in Neomysis, probably caused by changes in fish predation, preceded the gradual re-establishment of Daphnia that began in the early 1970s (Edmondson 1979) , but there is a lag of roughly 10 years between the mysid decline and the first appearance of dense populations of Duphniu in Lake Washington.
Inhibitory effects of the blue-green alga Osdlutoriu could possibly explain the suppression of Duphniu during this period (W. T. Edmondson pers. comm.).
Little information is available on the feeding of Neomysis, which is superficially similar to, although somewhat smaller than, Mysis. Examining gut contents of estuarine populations, Wilson (1951) found copepod and mysid remains along with other plant and animal material, and Kost and Knight (1975) reported mostly "detritus and diatoms," with occasional animal fragments. Neomysis in the Sacramento River estuary is omnivorous, but predation on rotifers and copepods accounts for most of the energy ingested (Siegfried and Kopache 1980) . If the change in the Lake Washington zooplankton is to be explained by mysid predation, it is necessary to demonstrate that Neomysis is a capable planktivore and 445 from an entirely independent study using a midwater trawl in nocturnal sampling (Eggers et al. 1978 showed that feeding rates increase with container size, but there was no discernible effect on electivities.)
To minimize changes in prey availability during experiments, I used high prey densities (avg concn, 45-70. liter-') and short feeding periods (avg durations, 1.5-4.4 h). Control vessels lacking m:/sids were used to check on natural pi ey mortality; all containers were kept in complete darkness at 10°C. At the end of the trials the contents of the jars were Eloured through a 118-pm-mesh screen and the animals washed into a Petri dish. Mysids were preserved in Formalin, and the prey remaining were examined Ind counted under a dissecting scope while still alive. Average sizes of prey used in the experiments were estimated by measuring specimens from controls: Daphnia from head to base of posterior spine and Diuptomus from head to entl of calidal rami. Mysid sizes are expressed a: total body lengths, measured from the apex of the rostrum to the apices of the telson. 
Results
Feeding experiments- Table  1 shows the results of four experiments in which Neomysis was given a choice between Daphnia and Diaptomus.
The ranges of average ingestion rates were 0.4-1.1 Diaptomus and 0.8-3.1 Daphnia per mysid per hour; these rates, measured under artificial experimental conditions, should not be taken as estimates of natural feeding rates in the lake. Because of high variability in individual feeding behavior, a significant difference between prey-specific clearance rates was obtained in only one of the Table 1 trials. If the probabilities from these four independent tests are combined according to the method of Fisher (1970, p.99) , WC can reject the hypothesis of no discrimination between prey types (x2 = 19.57, 8 df, P < 0.02).
Gut contents- Table  2 shows electivities calculated by comparing the gut contents of mysids collected on the lake bottom in the morning to prey densities estimated for the 20-m water column. Rybock (1978) found that copepod mandibles may persist in the stomachs of M. relictu for more than 10 h after cessation of feeding. Thus, the gut contents of mysids collected in the morning may well be a reasonable representation of the resuits of the previous night's foraging, Average prey densities for the 20-m water column are only a rough approximation to the actual prey densities encountered by the mysids, however; the extent and duration of 1 he mysids' vertical migration the preceding night are obviously not known.
Daphnia s the most preferred item on all five dates (Table 2) . Diuptomus and Cyclops copepodids are uniformly underrepre:ented in the diet, and copepod nauplii are almost never taken. If the "selection" between Duphnia and the other prey on the different dates is viewed as ;L series of independent Bernoulli trials the binomial probability that Daphnia would be preferred on all five dates allows us to reject the hypothesis of indiscriminate predation (one-tailed P = 0.031).
I also estimated electivity by comparing the pooled gut contents of mysids collected at midnight about 2.5 m off the bottom with prey densities calculated for the 10-20-m layer (Table 3 ). Variability in individuals' feeding behavior and in the densities of plankton encountered contributes to variability in electivity indices dcri-led from these collections. Both components of variability can be assessed (by t:xamining individual guts and replicate plankton hauls), but they cannot be combinc:d analytically to yield an estimate of the variance of the electivity index. I therc:fore used a distribution-sampling application of the Monte Carlo The input for the Monte Carlo simulation was derived from replicate plankton hauls and mysid guts from the nighttime collections. Ranges of prey densities from six plankton hauls over a 14-h period spanning the midnight mysid collections and ranges of numbers of prey found in individual guts for each date are shown in Table 3 . Hypothetical underlying distributions of these quantities were constructed by estimating percentiles from the ordered observations (Snedecor and Cochran 1967, p.125) and extending the observed ranges of values by two (gut contents) or three (plankton hauls) standard deviations. Thus, the hypothetical distributions were on average 1.3 (gut contents) or 1.9 (plankton hauls) times as wide as the observed ranges. From these distributions a computer program randomly selected prey densities encountered and individual diets for appropriately sized mysid samples and calculated electivity indices for each prey type. I selected 5th and 95th percentiles of distributions generated by 500 iterations of this program as bounds for confidence intervals about the observed indices.
The observed standardized forage ratios with confidence intervals generated by the simulation are shown in Fig. 3 . On both dates Daphnia is strongly preferred, although there is overlap with the confidence interval for Bosmina on 14 September. The ratios for Cyclops and Diaptomus copepodids are close to zero; copepod nauplii were not found in any of the guts, although they were numerically dominant in the plankton (Table 3) . (It Table 3 . Densities of prey in the 10-20-m layer and numbers of prey in mysid guts for two midnight trips. The 22 May mysids were 13.3-14.7 mm long (n = 17); the 14 September mysids, 10.8-12.7 mm (n = 16). might be argued that nauplii should be excluded from this analysis. Unlike other indices, however, the standardized forage ratios are not affected by inclusion of a common but uneaten prey; the value of the ratio indicating nonselective procurement of prey is all that is changed.)
The Fig. 3 confidence intervals should be regarded as rough indices of variability rather than as grounds for rigorous statistical comparison between prey species, since the standardized forage ratios are not independent.
An index whose values for the various prey types will be mutually independent can be obtained by dividing the mean number of prey type i in the gut by the mean density of type i in the 10-20-m layer. Table 4 shows the behavior of this index in the same simulation used to generate the Fig. 3 confidence intervals. The strong disparity between Daphnia and the other prey persists; it is not an artifact of the interdependence of the forage ratios.
To examine the effects of predator size on prey selection, I analyzed the gut contents of a broad size range of Neomysis collected on 3 November 1978 and calculated electivities using a single, whole- water-column assessment of prey availability (Ta'lle 5). With this division of the mysids inio three arbitrary size groups, there is a significant dependence of the nature of 1 he diet on predator size (Cyclops and nauplii data lumped to satisfy the criteria for expected cell counts of Snedecor and Cochran 1967, p, 241; x2 = 20.87, df q : 8, P < 0.01). In spite of this heterogeneity, Daphnia is still "preferred" by all sizes of Neomysis. Further influences of predator size on the diet arc considered in a detailed examination of size seleci ion on Daphnia by Neomysis (Murtaugh in press).
Discussior;
The assessment of preference from gut contents depends critically on the accuracy of the estimate of available prey. The differlznce between the 22 May 1979 electivity estimates based on midnight collection!; and local (lo-20 m) prey densities (Fig. 3) and those derived from morning samples and whole-water-column aver,lges (Table 2) illustrates this dependence:
because Daphnia was concentrated in the top 10 m, the midnight index for Daphnia is higher, and the indices for 1:he other prey are lower, than the corres ponding morning indices. Roughly 72% of the 22 May mysid population and 99% of the 14 September population were below 10 m during the midnight sampling, so the 10-20-m layer seemed a reasonable delineation of the mysids' food environment.
Yet, since the gut-content specimens were caught at 17.5 m, it might be argued that a more restricted domain should be assumed. Finer scale plankton sampling on 14 September revealed Daphnia densities that seemed too low to account for the numbers of Daphnia found in mysid stomachs. When calculated on the basis of densities at 15-20 m, the standardized forage ratio for Daphnia would have been 600 times larger than the Diaptomus index (instead of 150 times in the 10-20-m computation) and the average number of Daphnia found in the mysid stomachs would represent the contents of 140 liters of lake water (instead of 35). Perhaps, as Pearre (1973) proposed for his population of chmaetognaths, the mysids are taking short feeding excursions into the upper waters, returning to deep water when satiated. The problems of assessing the exact food availability for such a migrator would be formidable. Without information on the extent and timing of the mysids' vertical migration, it is impossible-to know the accuracy of the various electivity
estimates, yet the consistency of results from two methods based on different assumptions (Table 2 , Fig. 3) suggests that the observed preference hierarchies are meaningful. Differences in recognizability or digestibility of remains have not been ruled out for all the prey species considered in the gut-content analyses. Of particular interest is the apparent scarcity of nauplii in mysid diets; if real, it would imply a considerable refuge from predation for the copepods. Rybock (1978) and Siegfried and Kopache (1980) also rarely found naupliar remains in mysid stomachs, and, significantly, Rybock had "little success" feeding nauplii to Mysis in the laboratory.
The apparent ranking of prey bY Neomysis in Lake Washington can be compared to that reported for M. relicta in other lakes. Grossnickle (1978) found in laboratory feeding experiments that Lake Michigan Mysis select Daphnia over both Cyclops and Diaptomus. Rybock (1978) , examining gut contents of Mysis from Lake Tahoe, concluded that Epischurn is strongly preferred to Diaptomus and that Bosmina is probably selected over both copepods. These findings are similar to the trends for Neomysis (Table  2, Fig. 3 ), but conclusive comparisons among the noncladoceran prey await the analysi .s of samples for which Daphnia does not culations. so dor&llate the clectivity calMy laboratory observations suggest that the feeding mechanism of Neomysis is similar to that described in great detail for the marine Hemimysis by Cannon and Manton (1927) . Small particles may be filtered from currents produced by the thoracic limbs, and large foodmasses are grasped by the thoracic endopodites and mandibular palps. The susceptibility of different prey to mysid predation is not simply a function of size; for example, the rotifer Kellicottia (probably obtained by filter-feeding) and the small cladoceran Bosmina seem to be preferred to the much larger copepods, Diaptomus and Cyclops.
The overwhelming "preference" for Daphnia probably does not involve active choice by the mysid but can be explained by strictly mechanical considerations of the predator's feeding method and the prey's behavior. Pastorok (1978) found that D. pulicaria swims about twice as fast as Diaptomus franciscanus of the same size; the resultant difference in encounter rates with a predator could cause "selection" for the cladoceran. Gerritsen and Strickler (1977) , however, argued that, for a predator that moves rapidly relative to its prey, as does Neomysis, differences in prey swimming speed will have little effect on encounter probabilities. Several workers have tested the ability of different kinds of zooplankton to escape currents produced by suctionintake tubes; Drenner et al. (1978) , for example, found that Diaptomus and Cyclops were entrained significantly less often than Daphnia.
Perhaps the effectiveness of the prey escape response is the most important factor affecting susceptibility to mysid predation. Whatever the explanation for the "preference, " it is clear that Daphnia is more vulnerable than the other Lake Washington zooplankton to predation by Neomysis. The exact role of Neomysis in the long term changes in abundance of Daphnia in Lake Washington remains to be determined, but the pattern of prey selection reported here is consistent with the hypothesis that intense predation by mysids formerly excluded the cladocerans from the lake. When combined with circumstantial evidence on the effects of introductions of the similar M. relicta into other lakes, the information on Neomysis in Lake Washington suggests that freshwater mysids may be potent plankton predators and that populations of Daphnia are especially susceptible to their control.
